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Abstract: The NA62 experiment is a fixed-target experiment at the CERN SPS. The main goal
of the experiment is to measure the branching ratio of the ultra-rare kaon decay K+ → pi+νν¯. The
NA62 detector allows also to study other rare kaon decays and to search for very weakly coupled
particles of MeV-GeV mass-scale. The new ANTI-0 hodoscope is proposed and designed to veto
events with charged halo particles entering the decay volume. It is now being assembled at CERN.
The detector design, the performance simulation and the results of measurements with cosmic rays
and test beams for the individual elements are presented. The commissioning and the first run of
data-taking is scheduled for after the end of LS2 long shutdown (April 2021).
Keywords: Scintillators, scintillation and light emission processes, Detector design and construc-
tion technologies and materials, Overall mechanics design, Scintillators and scintillating fibres and
light guides.
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1 Introduction
The NA62 experiment [1] is a fixed target experiment at CERN SPS. The purpose of the experiment
is the study of rare and ultra-rare kaon decays, in particular the measurement of the branching ratio
of the K+ → pi+νν¯ decay with 10% accuracy. The 400 GeV/c proton beam from SPS is used to
produce 75 GeV/c kaons. The total rate of beam particles is 750 MHz of which 6% are kaons. The
schematic view of the experimental setup is shown in figure 1. The new veto hodoscope ANTI-0 is
located in front of the Decay Volume. It is indicated with the black dashed line and has the same
diameter as the vacuum tube.
ANTI-0
Figure 1. Schematic view of the NA62 detector
Kaons in the beam, concentrated in a transverse area of 30 × 15 mm2, are identified by the
differential Cherenkov counter KTAG and their four-momenta are measured by the GTK spectrom-
eter. Halo particles (mostly muons) enter the Decay Volume at a rate of several MHz. In case
they are close in-time with a beam kaon they might be mistakenly accepted as originating from a
kaon decay. The ANTI-0 should be efficient in detecting halo particles and to avoid random vetoes
should have a time resolution as good as possible, definitely better than 1 ns.
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2 The ANTI-0 detector
In order to achieve the specified requirements the choice for the ANTI-0 is a cell structure hodoscope
covering the area R = 1080 mm around the beam pipe and placed just in front of the Decay Volume.
The detector is assembled of 280 individual counters (figure 2). Each counter consists of a plastic
scintillator tile (polystyrene doped with 2% PTP and 0.02% POPOP produced with injection-
molding technique at IHEP (Protvino) [2]) with a size of 124 × 124 × 10 mm3 and is read by four
S14160-6050HS SiPMs. The SiPMs are organized in two groups of two viewing the tile from two
opposite 124×10 mm2 edges. The SiPMs in one group are connected in series (for AC). The signals
from the two groups of SiPMs are amplified with a gain ∼ 30 and connected in analog “OR“. Thus,
each tile is read by a single electronic channel. Counters are wrapped with Tyvek.
For the directly coupled SiPMs the amplitude and time of signal arrival strongly depends on the
position of a charged particle crossing the counter [3]. To ensure the uniformity in both amplitude
and timing properties the SiPMs are displaced from the edge of scintillating tile by 40 mm by using
Plexiglas lightguides (refer to section 3). A schematic view of the basic counter is presented in the
figure 3 (left). The four SiPMs are placed in the 2.2 × 10 mm2 slots. Optical grease is used to
ensure optical contact between the lightguide and the SiPMs which are fixed in position with nylon
screws.
Figure 2. Schematic view of the ANTI-0 detector mainframe
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The counters are fixed on a central, 5 mm thick, Al support sheet, in chessboard style on both
front and back sides (figure 3 right) with a step of 120 mm that makes 4 mm overlap with all the
four neighboring counters. The output signals from the counters are discriminated with constant
fraction discriminators (CFD) and recorded with TDC TEL62 modules [4], the NA62 DAQ boards.
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Figure 3. The schematic view of the ANTI-0 counter. Scintillating tile with two 50 mm long lightguides
glued on the opposite sides (left) and schematic view of the tiles on the mainframe (right). Counters marked
with blue and grey colours are fixed on the front and back sides of the support Al sheet.
The chosen size of the counters limit the individual counting rate to 1 MHz. The expected
rate (in KHz) per counter is presented in the figure 4.
Figure 4. Expected rate in kHz per tile for the ANTI-0 detector with counter size of 120 × 120 mm2.
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3 MC simulation
The response of individual counters to minimum ionizing particle was studied with Geant4 [5].
Optical photons, produced by Cherenkov radiation and by scintillation were propagated from the
point of emission to the SiPMs positions. The shape of the pulse at the output of the OR of the
preamplifiers was simulated as a convolution of the optical photon arrival time and the single photo-
electron signal shape which was randomly selected from data recorded with a LeCroy WaveRunner
606Zi oscilloscope. The attenuation length of the scintillator was set as 200 cm and the SiPM
photon detection efficiency (PDE) was defined using the datasheet (Vbias=+2.5V) [6].
Lightguide length
The usage of lightguides, which allow to displace photodetectors from the edge of scintillator,
improves both the time and amplitude response uniformity.
A simplified counter geometry (see figure 5) was used to study the minimal acceptable light-
guide length. The test counter consisted of a scintillation tile with a size 124 × 124 × 10 mm3 and
two trapezoid Plexiglas lightguides attached to the opposite edges of the tile. The two 6 × 6 mm2
SiPMs were directly coupled to the lightguides.
  
SiPM chA
Scintillator 
124x124x10 mm3
Plexiglas
SiPM chB
Figure 5. Geant4 simplified model for the
light-guide length studies.
Figure 6. Simulated counter response pulses (con-
volution of single photon time of arrival and single
photo-electron noise pulse shape).
We simulated charged particles crossing the test prototype in 2 mm steps in the transverse
coordinates X and Y . For the timing studies the simulated tile pulse got discriminated using a
simulated constant-fraction discriminator (CFD) by triggering on 20% of the peak amplitude. A
time value of "0" corresponds to the charged particle crossing time.
Two different lengths of lightguides were considered — 20 mm and 40 mm. Figure 7 presents
the average time of signal arrival as a function of particle crossing coordinates and figure 8 shows
the average time of signal arrival as a function of average amplitude for options with 20 mm (left)
and 40 mm (right) long light-guides. Notice that the maximum length of the lightguides is limited
by the distance between successive tiles in the same row.
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Figure 7. Average time of signal arrival as a function of particle crossing coordinates for 20 mm (left) and
40 mm (right) lightguide length.
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Figure 8. MC simulated time of signal arrival as a function of amplitude for 20 mm (left) and 40 mm (right)
lightguide length.
Number of SiPMs per counter
To further improve the uniformity and stability of the detector (in case of one SiPM failure during
the data-taking) the simulation with one, two and four SiPMs per tile is performed with fixed 40 mm
lightguide length. SiPMs attached to same lightguide are placed with 60 mm distance ensuring
light collection uniformity.
Figures 9 presents distributions of time of signal arrival for three options: one (left), two (mid-
dle) and four (right) active SiPMs described by Gaussian (red line). Time resolution (σ) improves
from 380 ± 5 ns (one active SiPM) to 150 ± 5 ps for the option with four active SiPMs.
Figure 9. MC simulated time of signal arrival for one (left), two (middle) and four (right) active SiPMs.
Events uniformly distributed over the counter surface. CFD with threshold = 0.2.
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Figures 10 and 11 present the average amplitude and time of signal arrival as a function of the
coordinates of the charged particle crossing the counter. The left figures correspond to the option
with only one active SiPM, the middle figures correspond to the option with output pulse as a sum
of the signals from two active SiPMs placed on the opposite edges of the scintillator. The right
figures correspond to the output pulse being the sum of four active SiPMs.
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Figure 10. MC simulated average pulse amplitude as a function of particle crossing coordinates.
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MC Simulated: Time of signal arrival as a functioin of X and Y coordinates
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Figure 11. MC simulated average time of signal arrival (CFD with threshold = 0.2) as a function of particle
crossing coordinates.
4 Tests with cosmic rays
Four tiles were placed in the light-tightened box one on top of another (figure 12). The coincidence
of the top and bottom tile signals were used as trigger while signals from the two tiles in the middle
were recorded with a digital 10 GHz oscilloscope.
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Figure 12. Test setup with the cosmic rays (left) and the time difference between the signals arrival for the
two tiles in the middle (right) with the red line corresponding to the Gaussian fit with σ = 310 ps.
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The difference of the signal arrival times of the central tiles (discriminated with CFD, threshold
= 0.2) is presented in figure 12 (right). The distribution is described by a Gaussian (red line) with
σ = 310 ps. The time resolution of the individual counterwas estimated asσ = 310/√2 = 220 ps (in
the assumption of identical tiles).
5 Summary
A new detector ANTI-0 is being assembled at CERN. The installation in the experimental hall is
scheduled for the fourth quarter of 2020. Commissioning and start of the data-taking is scheduled
for 2021.
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